Spontaneous activity in the developing mouse midbrain driven by an external pacemaker.
Central nervous system (CNS) development depends upon spontaneous activity (SA) to establish networks. We have discovered that the mouse midbrain has SA expressed most robustly at embryonic day (E) 12.5. SA propagation in the midbrain originates in midline serotonergic cell bodies contained within the adjacent hindbrain and then passes through the isthmus along ventral midline serotonergic axons. Once within the midbrain, the wave bifurcates laterally along the isthmic border and then propagates rostrally. Along this trajectory, it is carried by a combination of GABAergic and cholinergic neurons. Removing the hindbrain eliminates SA in the midbrain. Thus, SA in the embryonic midbrain arises from a single identified pacemaker in a separate brain structure, which drives SA waves across both regions of the developing CNS. The midbrain can self-initiate activity upon removal of the hindbrain, but only with pharmacological manipulations that increase excitability. Under these conditions, new initiation foci within the midbrain become active. Anatomical analysis of the development of the serotonergic axons that carry SA from the hindbrain to the midbrain indicates that their increasing elongation during development may control the onset of SA in the midbrain.